Abstract:Studies of GPS data carried out before and after the great Wenchuan earthquake of Ms8. 
In this paper, we describe the method used and the results obtained in our analysis of GPS data to study the premonitory crustal movements for the Wenchuan earthquake.
Data processing and analysis
At the CMONOC Data Center, all GPS data have been processed with GAMIT/GLOBK software to get solutions in the global reference frame. The data processing in this paper mainly refers to data processing and analysis we performed , in addition to the solutions of the Data Center, for the purpose of earthquake prediction and related studies. We have also used the BERNESE software to process the original GPS data to get singleepoch solutions, which were used for further data analy-
SIS,
The analysis of precision and reliability of the results of GPS data processing is prerequisite for further data processing and analysis. Analysis of the results of a large amount of data processing at the Center shows that the precision has reached international level, and the results are reliable. For example, for weekly solutions at the reference stations , the RMS in the horizontal components is about 1 -2 mm, and that in the vertical components is about 3 mm.. The precision of dataprocessing results for the regional stations is basically In order to analyze precursory crustal deformation, appropriate methods must be used to get ioformation of the crustal movements or deformations , including the selection of reference frames for displacements , calculation of displacements and strain components, analysis of time series, spatial distribution of deformation, statistical analysis and deformation models. In order to give an objective analysis of the anomalies , the data -processing methods used must reflect the observed results factually, by avoiding or minimizing the loss of fidelity.
In order to give a reasonable explanation for the regional relative crustal movements , regional reference fmmes (or standards ) are used in Europe and North
America. For example, SNARF (Stable North America
Reference Fmme) has been used in North America for the study of the displacement fields C<l. Displacement solutions in the regional reference frames can be obtained from the solutions in the global reference frames through similarity transformations. In order to maintain the stability of the reference frame, i. e. , the coordinate system, in both global and regional reference fmmes , the selected core stations (or reference-frame stations) must have good long-term linear velocities , particularly in the horizontal components. While the differences in velocity between different global core stations could be large, the velocity differences between regional core stations are relatively small on account of their lower linear velocities ; this helps to keep the regional reference frame more stable. Some core stations , especially global core stations, that cannot keep good linear velocities as time passes will be deleted. Thus the number of core stations selected in the global reference fmme of a certain period is gradually decreasing, and this increases the errors or uncertainties for solutions in the global reference fmme. On the other hand, the core stations in the regional reference frame can remain unchanged or little changed. The displacement solutions in the regional reference frame can eliminate some common mode errors in the global reference frame , and this is equivalent to certain kind of filtering. In addition, the noise level in the displacement solutions of the regional reference frame is relatively low 171 . In GPS data processing, particularly for regional networks, several global reference frames have been used for different periods; they include IGS97 , IGSOO, IGbOO and IGSOS. However, the change of the global reference frames does not influence the results of displacements in the regional reference frames.
Since horizontal and vertical displacements follow different patterns , it is more appropriate to use different regional reference frames for each[t,s]. The core stations in the regional reference frames used in this paper were selected from GPS stations in the stable eastern part of Chinese mainland 1 '·'·' 1 • Horizontal and vertical displacements are usually obtained from GPS observations at first , from them other deformation components can then be calculated ; they include various components of baseline and strain, some of which are independent of the reference frames.
In this study , we have analyzed mainly displacements and strains in a regional reference frame and on an ellipsoidal reference surface 1 
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Long-and mid-term pre-earthquake crustal-deformation anomalies detected by regional network to low station density in this area ( Fig. 1) . The station density is high in the subsidence areas southeast and southwest of the W enchuan earthquake , especially along the South-North earthquake zone (Fig. 1) . No interference was identified except at some individual stations, such as H161 in Yunnan.
Horizontal crustal movement
The subsidence near the W enchuan earthquake was significantly different from that of the other 2 subsidence which occur clearly, suddenly, and synchronously with the corresponding earthquakes , are considered the most convincing crustal movements. In the present study, the process of the pre-seismic and co-seismic horizontal displacements detected at reference stations far away from the W enchuan earthquake suggests that these displacements are elastic rebound in nature [ tJ , and substantiates the existence of the pre-seismic anomalous horizontal displacements. After the earthquake, on the basis that the co-seismic horizontal displacements were in opposite sense to the pre-seismic displacements, it was concluded that the earthquake had released energy in a large area, and all the anomalies were related with the event. As a result, worries about earthquake risks in other regions were ruled out. In order to test whether the observed co-seismic horizontal displacements are reliable , not false rotational displacements resulted from observation errors at the core stations , we compared the results of 2 different similarity transformations: ( 1 ) The core stations had both horizontal displacements and rotations ; ( 2 ) they had only horizontal displacements. The results shows that most of the time before the earthquake , the displacement trends in both cases are the same , that no obvious rotations were caused by observation errors , and that the pre-seismic anomalies are real. Shortly before the earthquake a minute rotation could be seen.
The co-seismic rotation was significant though small , the largest rotational displacement at stations in West China was less than 20 mm. At reference stations in West and South China, the pre-earthquake displacements were in opposite sense to the co-seismic displacements. In plate tectonics, plate rotation is a major 5 Imminent pre-earthquake crustalmovement anomalies detected at continuous-observation near epicenter sta- It will take a long time before the method may possibly be used in earthquake prediction; a prerequisite is that GPS data can be acquired and processed in real time, which requires better data-processing software.
Discussion
A large amount of pre-earthquake crustal deformation data was obtained from GPS observations for the Wenchuan earthquake, the most outstanding being anomalies in the 1 st shear strain accumulations appeared in the area of dense GPS stations around the epicenter. At 
